ABSTRACT Noninvasive pulsed Doppler echocardiography combined with two-dimensional echocardiography by the right parasternal approach was performed to detect the shunt flow through the defect in 31 patients with suspected secundum atrial septal defect (ASD). A defect of the interatrial septum was seen on the two-dimensional echocardiograms of 30 of 31 patients. In all the 30 patients, Doppler signals of shunt flow could be recorded by placing the sample volume in the center of the defect on the two-dimensional echocardiogram. Neither a defect nor Doppler signal indicating shunt flow were demonstrated in any of 15 normal control subjects. Cardiac catheterization indicated significant shunt flow in all the 31 patients with suspected ASD. Doppler signals obtained from the center of the defect showed left-to-right and/or right-to-left shunt flow patterns. The direction of the shunt flow was mainly left to right, with its peak in late systole and atrial systole in 28 of 30 patients; mainly right-to-left flow was present in the remaining two patients, who had Eisenmenger's syndrome. The direction of flow as predicted by the Doppler signal was confirmed by the coincidence of direction of flow as seen on the contrast two-dimensional echocardiogram. In 22 patients for whom the measurement of the pulmonary-to-systemic flow ratio by oximetry was believed to be reasonably accurate, the ratio was fairly well correlated with Doppler-determined left-to-right shunt flow velocity (r = .71, SEE = 6.7 cm/sec). In 13 patients with ASD who underwent surgical repair of the defect, postoperatively the defect on the two-dimensional echocardiogram and the Doppler signals indicating shunt flow disappeared. In conclusion, noninvasive pulsed Doppler echocardiography by the right parasternal approach is useful in the assessment of the direction of shunt flow in patients with ASD.
NONINVASIVE DOPPLER echocardiographic detection of shunt flow in patients with atrial septal defect (ASD) has been performed indirectly by the detection of flow velocity in the jugular vein or right atrium."' Although pulsed Doppler echocardiography in combination with two-dimensional echocardiography has provided us a means to noninvasively examine the intracardiac flow velocity at the optimal portion of the cardiac cavity, very few studies of direct detection of shunt flow through a defect have been reported.5' 6 Sakakibara et al.5 detected shunt flow in 24 patients with ASD by placing the sample volume near the defect in the right atrium using the parasternal fourchamber view. Shub et al.6 used a similar technique and a subcostal view in seven patients with ASD. However, the direction of the shunt flow is not described in detail by these authors. Although Shub's subcostal method provided good imaging of the defect on the two-dimensional echocardiogram, they did not discuss the sensitivity of the Doppler method for detection of shunt flow and an 1 1 % false-negative rate was demonstrated for two-dimensional echocardiography alone.
On the other hand, we reasoned that the right parasternal approach in which the transducer is placed to the right of the sternum was a method that might provide better evaluation of the structure and function of the interatrial septum (IAS) because the ultrasound beam passes in a plane perpendicular to 
Results
Detection of the defect and shunt flow. In all 31 patients and 15 normal control subjects two-dimensional echocardiographic imaging of the IAS from the right parasternal approach was successful. The defect in the midportion of the IAS on the two-dimensional echocardiogram could be observed clearly in 30 of 31 patients with suspected secundum ASD, as shown in figure 2 , A. The defect of the IAS on the two-dimensional echocardiogram was confirmed as being a true secundum ASD by observing the positive and/or negative contrast echoes for flow through the defect in each of the 30 patients. Cardiac catheterization indicated that all 31 patients with suspected ASD had significant shunt flow at the atrial level. Of the 31 patients, 13 underwent surgery and the diagnosis was confirmed in all 13. In the one patient in whom a defect could not be demonstrated on the two-dimensional echocardiogram and in all of the normal control subjects there were no negative or positive contrast echoes in the right atrium or left atrium.
Abnormal Doppler signals in the center of the defect were observed in all 30 patients whose defects were demonstrated on two-dimensional echocardiograms (figure 3) and there was no abnormal Doppler signal on the surface of the IAS in the right atrium of the one patient in whom a defect was not observed on the twodimensional echocardiogram.
In all of the 13 patients who underwent surgical closure of their defects, the abnormal Doppler signals observed before the operation disappeared afterward (figure 4). Abnormal Doppler signals were also not observed on the surface of the IAS in the right atria of normal control subjects. In the one patient in whom a defect could not be observed on the two-dimensional echocardiogram and in whom no abnormal Doppler signal was noted in this study, the defect was confirmed during surgery to have been situated in the lower part of the IAS near the entrance of the inferior vena cava.
Direction of Doppler signal. Directions of abnormal Doppler signals derived from the sampling site in the center of the defect showed mainly left-to-right shunt flow (positive deflected Doppler signal representing flow toward the transducer) in 28 patients with secundum ASD ( figure 3 and table 1 ). In two other patients, the direction of the Doppler signal showed only rightto-left shunt flow from early systole to mid-diastole ( figure 5 and table 1 ). Cardiac catheterization indicated that both of these patients had Eisenmenger's syndrome.
However, in three of the 28 patients in whom mainly left-to-right shunt flow was observed, the direction of the Doppler signal pattern showed, in addition, definite right-to-left shunt flow in systole (figure 6, top, and table 1).
Doppler signal showing left-to-right shunt flow. The leftto-right shunt flow pattern demonstrated by Doppler signal featured one positively deflected signal appearing during midsystole to early diastole (with its peak mainly in late systole) and a second positive signal during atrial systole in patients in sinus rhythm ( figure  3 ). In patients in atrial fibrillation, the number and contour of the positive signals as well as the timing of the peaks were more variable. However, these patients tended to have tricuspid or mitral regurgitation, which might also have altered the patterns of flow (see figure  6 , top, and figure 7, top). Relationship between Doppler-determined flow patterns and interatrial pressure gradient. The pressures in the right atrium and left atrium were recorded simultaneously with two catheter-tipped manometers in the one patient with atrial fibrillation and mitral regurgitation in whom the Doppler signal showed only a leftto-right pattern of shunt flow throughout the entire cardiac cycle ( figure 7, top) . The pressure tracings demonstrate a positive left-to-right pressure gradient throughout the entire cycle ( figure 7, bottom) have demonstrated, by recording flow with the Doppler method in the main pulmonary artery and aorta, that the two-dimensional Doppler echocardiographic method is useful in the estimation of shunt flow in patients with ASD.
The aim of this study was to determine if pulsed Doppler echocardiography combined with two-dimensional echocardiography by a right parasternal approach could provide a noninvasive method for detecting the direction of the shunt flow directly through the defect in patients with suspected secundum ASD.
In this study we were able to demonstrate the defect by both two-dimensional and Doppler echocardiography with high sensitivity. The sensitivity of the Doppler signal for detecting shunt flow was 100% if the defect could be observed on the two-dimensional echocardiogram. Thus, in this study the Doppler method had the same value as the addition of the contrast method to two-dimensional echocardiography in the confirmation of the presence of the defect.
The subcostal approach has been successfully used by Shub et al.6 to directly visualize ASDs on twodimensional echocardiograms. However, they describe false-negative results in the detection of secundum ASD that they attribute to one of the following causes: (1) multiple small or fenestrated defects, (2) associated aneurysm of the IAS with distortion of normal anatomy, (3) small defect size, and (4) incomplete scanning of the IAS. The most important of these factors according to these authors was the potential for incomplete scanning of the IAS. We performed twodimensional echocardiographic detection of the defect from the subcostal approach in only seven patients in our study, and could not detect the defect in two. However, we did detect the defect in all seven patients when using the right parasternal approach. This indicated to us that the right parasternal approach might be helpful in reducing the incidence of false-negative results in detection of ASD by two-dimensional echocardiography.
The Doppler results obtained in this study showed signals for shunt flow above and below the zero line. The positive or negative direction of the Doppler flow signal through the defect coincided with the direction of the contrast echocardiographic flow on the twodimensional echocardiogram. These findings suggest that the pulsed Doppler method can directly detect the direction of both left-to-right and right-to-left shunt flow when the sample volume is placed in the defect and when viewed from the right parasternal approach.
Shunt flow was mainly left to right in almost all patients with secundum ASD. The pattern of this flow for the most part showed a peak in late ventricular systole and again during atrial systole in patients in sinus rhythm. Concerning the pattern of shunt flow through a defect in ASD, Levin et A definite right-to-left pattern of shunt flow in systole was observed in five patients who had complicating tricuspid regurgitation (figures 5 and 6), even though in three the flow was predominantly left to right. Variations in the direction and severity of the regurgitant jet may be important, however, since there were two patients in whom no right-to-left shunt flow was demonstrated in systole in spite of complicating tricuspid regurgitation (table 1) . Thus, a definite right-to-left pattern of shunt flow would appear to be associated with tricuspid regurgitation, although the influence of regurgitation on the shunt flow requires further study. In the analysis of flow, the Doppler technique has a definite advantage over contrast two-dimensional echocardiography in that, in the presence of a large right-to-left shunt flow, the contrast tended to occupy all four chambers within the first few beats after injection, making further observations impossible. Doppler measurements, on the other hand, can be made continuously. Therefore, this technique may be useful not only in the diagnosis but also in hemodynamic analysis of shunt flow in patients with secundum ASD.
Shub et al.6 also attempted to detect the ASD in seven patients with pulsed Doppler echocardiography using the subcostal view and placing the sample volume in the right atrium over the site of the presumed defect. Although we did not perform Doppler studies from the subcostal approach, the Doppler signal pattern they noted differs slightly from that in patients in sinus rhythm in our study. This probably results from the differences in the location of the sample volume and the different relationship of the ultrasound beam to the plane of the defect with the two methods. 
